Over the next decade, with the spread of the Internet and the huge growth in its services, researchers began to measure differences among Internet users. By the end of the 1990s, almost all researchers were measuring the independent variable "Internet use," using continuous self report measures of Internet use-the amount of use, in minutes per week (or the amount of use yesterday); the frequency of Internet use per week (or yesterday), the frequency of email use, the frequency of Web and email use, the breadth of use (i.e., number of purposes), or years since respondents first went online.
Authors who studied the impact of these differences in Internet use measured the dependent variable, "social interaction," by asking people to report on their behaviors such as how frequently they went out with friends. Comparison across studies assumes similarity of the conceptual dependent variable across studies (e.g. Albarracin, Johnson, Fishbein, & Muellerleile, 2001; Lepper, Henderlong, & Gingras, 1999) . The measures of social interaction in our corpus included questions about communication and going out with family and friends (e.g., time with family per week), community involvement and organizational memberships (e.g., attendance at community events), breadth of social networks (e.g., number of acquaintances or friends), and individual psychosocial well-being related to social interaction (e.g. loneliness). These concepts have different empirical and theoretical implications. For instance, perceived social support, which is critical in health and well-being, derives primarily from close ties rather than from involvement in community or acquaintanceships (Bolger, Zuckerman, & Kessler, 2000; Cohen, Underwood, & Gottlieb, 2000; Wellman & Wortley, 1990) .
Furthermore, some research suggests the presence of social interaction tradeoffs, where weak tie relationships can interfere with strong ties (e.g., Helgeson, Cohen, Schulz, & Yasko, 2000) . If true, then we could be obscuring important phenomena if we were to compare studies across very diverse measures of "social interaction."
The authors of the 16 studies that we reviewed had one common focus that permitted us to go forward with a comparative analysis: all have an interest in how the Internet affects people's close relationships and all asked respondents about their interpersonal interactions with family and/or friends. Some authors asked respondents about their interactions with family and friends separately, whereas some used aggregated measures, with out differentiating between interaction with friends and interaction with family. Allan argued that interaction with friends is more sensitive to distance and other factors that influence frequency of communication, compared to interaction with family, which is often more obligatory and less voluntary and opportunistic (Allan, 1979, p. 122-123) .
Thus one would expect that Internet use might have a larger influence on interaction with friends than with family. Hence our review includes an examination of effects of Internet use on social interaction with fa mily versus friends.
Choices of method
The Internet's potential social impact draws research interest across the social sciences and beyond. Authors of the 16 studies we reviewed work in departments of psychology, sociology, communication, political science, information systems, human-computer interaction, computer science, and journalism. The disciplinary diversity of authors may be in part responsible for the methodological diversity of the 16 survey studies in our dataset. For example, whereas all of the sociologists used national sample surveys (Gershuny, 2002; Kestnbaum et al., 2002; Neustadtl & Robinson, 2002; Pronovost, 2002) , two groups of social psychologists drew comparatively small community samples (Jackson et al., (in press ); Kraut et al., 1998) . In two of the social psychologists' studies (Jackson et al., (in press); Kraut et al., 1998) , the researchers provided Internet connections to volunteer households. These samples differed from the national samples in other ways; for example, because the authors were interested in social class effects, they oversampled Internet users with low household income. Diversity of method is generally good for research because it improves the reliability of findings. In this area of research, though, diversity makes it difficult to compare results across studies. Authors of half of the studies used single or repeated cross-sectional (correlation) designs; authors of the other half used longitudinal designs with repeated measures within respondents.
1 Although all of these researchers have the purpose of understanding the Internet's social impact, the cross-sectional studies can only show if levels of Internet use were associated with levels of social interaction, whereas the longitudinal studies can show whether levels of Internet use at one time predicted changes in social interaction later.
In view of these differences, our research goal was to compare these studies statistically to reveal evidence on whether people's use of the Internet has an impact on their social interaction with family and friends. Since we claim that study methods can influence results, we coded the studies for methodological attributes. For example, we coded whether the studies used cross-sectional or longitudinal methods, and for the type of social interaction they examined. We examine how these factors affect survey results.
Meta-Analysis

Study retrieval
The main criterion to include a particular study was whether it examined Internet Preliminary examination of the effects of year of study was also not significant in any of the analyses and failed to illustrate a significant change in the impact of Internet use on social interaction over time. We omit year from all subsequent analyses.
Computation of effect sizes
Each suitable study in the sample contributes at least one effect size for the metaanalysis. Each effect size represents a value that quantifies the statistical relationship between Internet use and interpersonal interaction. There are several possible measures of effect size (Rosenthal, 1994) . We select the Pearson product-moment correlation coefficient, r, because it best describes the relationship of interest and is understandable by most social scientists. In most cases, r is not reported directly within a study, but it can be obtained either from available raw data or by transforming other reported statistics (e.g., t, eta) that test for a relationship between Internet use and interpersonal interaction. We use formulas recommended by Rosenthal (1994, p.236-240) to conduct the necessary transformations. In some cases, studies do not provide enough information to calculate appropriate effect sizes. In those cases, we omitted the studies from the analysis 2 . From the 16 studies in the analysis, we were able to obtain 48 effect sizes. Prior to analysis, we transformed all effect sizes using the Fisher's Z transformation suggested by Rosenthal & Rosnow (1991, p. 491-501) . Table 1 reports the transformed effect sizes.
Once the dataset was obtained and the effect sizes properly transformed, we performed a sensitivity analysis (Greenhouse & Iyengar, 1994) to identify the proper method of analysis and to identify outliers in the data. Because many of the studies provide more than one test of relationship between Internet use and interpersonal interaction, we. used a hierarchical linear regression (Bryk & Raudenbush, 1992) as the method to control for non-independence of effect sizes (i.e., multiple effect sizes could be nested within a single study). This method is similar to a regression model for stochastically dependent effect sizes suggested by Gleser & Olkin (1994) . Because the use of hierarchical linear models is not well documented in the methodological literature of meta analysis, we also conducted our meta-analysis using a combination of the more commonly used fixed-effects procedure, following the weighted-variance method in Shadish and Haddock (1994) .
In our model, we use the transformed effect sizes as the dependent variable, and various combinations of predictor variables as independent variables. Each transformed effect size is weighted by an inverse of its variance (as suggested in Rosenthal & Rosnow, 1991, and Shaddish & Haddock, 1994) . Studies with larger sample sizes, therefore, contribute more weight to the analysis than those with a small sample size, because the large sample sizes provide effect size estimates that are closer to the true effect size of the population.
Results
The 16 studies included a total of 35,578 participants and yielded 48 effect sizes.
Preliminary analysis showed a mean weighted effect size of r=-.02 with a 95%
confidence interval of -.03 to -.01, indicating that overall, there is a slightly negative associa tion of Internet use with social interaction. Figure 1a shows the histograms for the weighted effect sizes. This histogram clearly shows several outliers. These outliers are effect sizes from one large-sample study (Nie & Hillygus, 2002) . Sensitivity analysis (Greenhouse & Iyengar, 1994 ) was performed to identify severe outliers and to examine them separately. Figure 1b shows normally distributed histograms for weighted effect sizes with the single outlier study removed (3 effect sizes). The mean effect size with outliers removed was .01 with a 95% confidence interval of .00 to .02, suggesting no observed association of Internet use and social interaction.
[Insert figure 1a and 1b about here]
The study with outliers had some unique methodological characteristics. The data collection method used was an augmented diary study, in which respondents were asked to recount their primary activities over the previous 6 hours, including their offline social interaction. This short reporting interval limited the number of primary activities that would fit within such a short time frame. Assuming people cannot simultaneously do two primary activities, such as both surfing the Web and socializing offline with friends, this short time interval for the sampling period could have led to biased estimates of the association of Internet use and social interaction. For example, by limiting the sampling period to 6 hours, this method excluded cases where the Internet was used to schedule an offline social interaction for the next day. We concluded that this study method is biased to produce negative Internet effects and is sufficiently different from all other studies to warrant its exclusion from the analysis. We report only the analyses that were performed without this study.
We analyze the effects of Internet use on social interaction across the remaining 15 survey studies by entering the type of relationship studied and the study design method into a hierarchical mixed linear model that predicts effect size. We treated study as a random effect, with effect size nested within study. This interaction effect reflects the fact that cross-sectional studies tended to show posit ive effects of Internet use on interaction with unspecified others, and negative effects on interaction with friends specifically, whereas longitudinal studies tended to show positive effects of Internet use on interaction with friends, and no effect on unspecified others. As also shown in Table 2 , study design did not lead to different effect sizes when contrasting family interactions with unspecified social interactions (b = 52.9, p > 0.2, t = -.99). Figure 2 illustrates these effects.
[Insert Figure 2 about here]
To investigate these trends further, we also conduct a more traditional fixed effects regression analysis. This analysis does not control for the correlations among effect sizes within a study. Within-study correlated effects can be produced whe n a single investigator uses more than one measure of the same variable. In our corpus, the mean number of measures of social interaction with friends within any study that measured this variable was 1.1; the mean number of measures of social interaction with family within any study that measured this variable was 1.3, and the mean number of measures of social interaction with unspecified close ties was 2.2. Hence, any threats to validity mainly rest with the measures of social interaction among unspecified close ties. These effects are small and, furthermore, there are too few studies to be sure that new studies would not change the effect.
[Insert Table 3 about here]
Discussion
Our meta-analysis of 16 studies of the association of Internet use with social interaction in close relationships showed the association is very small. Once we removed an outlier study for substantive and statistical reasons, the effect was close to zero (r =.01, CI=.00 to .03). The other primary finding was that study design influenced outcomes for different types of personal relationships. Crosssectional studies produce highly variable effects that, on average, indicate use of the Internet to be positively correlated with interaction in unspecified close relationships, but negatively related to social interaction in friendships.
Longitudinal studies, fewer in number but more stable in their results, show that more Internet use predicts slight positive increases in social interaction in friendships. Again, all of the effect sizes were very small.
What might account for the finding from longitudinal studies of a more positive impact of Internet use on social interaction with friends than with unspecified close ties? Assuming that unspecified close ties include family, household, relatives, and romantic partners, it seems possible that people's interactions with their friends would be somewhat less stable than their relationships with family, household, relatives, and romantic partners. Using the Internet might reduce the costs and increase the convenience of communicating with friends, and in doing so, make other types of social interaction, such as phone calls or spontaneous outings, more likely (see also Cummings, Lee & Kraut, this volume) . These effects do not hold, however, for family and relatives, especially those in the same household, because family communication already has low costs. Consistent with a possible shift to more social interaction outside the household, Gershuny (2002) reports from his longitudinal study that more time on the Internet has a positive effect on his British respondents' saying they "go out" with friends.
A related possibility is that Internet communication may function as an extra source of friendship-related stimulus at home or at work, a source of reminders that friends (people outside the home) need or want attention. Friendships require consistent maintenance (Duck, 1998) Furthermore, the studies we reviewed were not designed to investigate factors that cause people to use the Internet more or less, and few studies measured personality traits.
The need for an improved paradigm
Our results point to the need for investigators to invest their time and effort in longitudinal studies. The outcomes of our meta-analysis suggest that crosssectional designs produce not just ambiguous results, but results that contradict those of longitudinal studies. If investigators wish to learn the social impact of the Internet, or of any new technology, longitudinal studies are far more credible. The ability to evaluate the same people over time mitigates several major threats to causal inference; first, that pre-existing differences among individuals account for differences in the outcome variable; second, that the purported outcome variable affects changes in the purported independent variable; third, that an unmeasured variable changes the relationship between the independent and dependent variables. When the survey examines the same people two or more often, these participants bring the same demographic and other cross-sectional differences to both surveys, effectively controlling for their own cross-sectional variation.
Many statistical techniques have been developed to aid analysis and inference from longitudinal data. The best of these allow investigators to separate the variability in the data that can be attributed to "before" factors (i.e., how much social interaction a person has when the study starts) and "after" factors (i.e., how much social interaction the same person had when the study ends). In our review, the longitudinal study designs may determine whether levels of Internet use predict changes in social interaction with family or friends whereas the crosssectional studies cannot.
Longitudinal designs remain subject to some threats to validity. Other events that change with time may drive change in Internet use and, simultaneously, change in outcomes. These extraneous events can be internal to the individuals, such as learning or maturation, or external, such as the business cycle or change in popular culture. Also, because of errors of measures, pre-existing differences among participants are never fully statistically controlled in longitudinal designs.
Hence we recommend longitudinal studies with the caveat that they will never resolve all ambiguities.
Our findings also point to the need to study how people use the Internet and particularly how they communicate offline and online within different types of social relationships (Coget, Yamauchi, & Suman, 2002; Shklovski et al., (in press) ). Few authors in our corpus differentiate the relationships within which Internet interactions take place, for instance, whether someone used the Internet to send e-mail to family members, to close friends or to meet new people in chat rooms (cf. Boneva, Kraut, & Frohlich, 2001) . If the Internet does have differential social effects depending on who communicates with whom, these effects would be obscured in aggregate studies of "Internet use." Theories of social interaction in different relationships would help researchers to formulate questions and would advance the state of the literature. whereas the same behavior would be counter-productive for those who already have strong ties that should be maintained (Bessiere, Kraut, & Kiesler, 2004) .
Internet effects moderated by people's social context or personality could be detected if studies included these variables.
Conclusion.
One decade ago, in an early proposal, we argued for studies of the social impact of the Internet.
We lack information about the personal effects of electronic services on families and the community-and about the effects of not having such services. The answers to these questions are important if we are to spend public and private resources efficiently and effectively, if we are to understand the barriers to serving many people, and many kinds of people, and if we are to measure outcomes objectively, in a manner that informs policy (Kraut, 1994) . On the other hand, as our analysis shows, the burgeoning literature on the social impact of the Internet has identified few consistent effects across people, relationships, and settings. Our overall finding is that the Internet has not had any broad effect on social interactionm but this finding must be tempered by the nature of the research we reviewed: survey studies looking at gross Internet use (for any purpose and within any relationship) and social interaction within broad types of relationships. The hype and expectations surrounding the Internet also may have blinded researchers to the stability of people's lives, and the changes that have to take place before a technology is incorporated into, and adapted to, home, work, and everyday life (Cummings, Butler, & Kraut, 2002) . theoretically-driven studies, that are targeted to understand particular uses of the Internet for particular relationships will be more likely to discover how using the Internet in these ways affects our social interactions and other important aspects of our lives. The current review of the literature has shown that it is time to focus on developing a more differentiated view of the Internet and its social outcomes.
The Internet is a malleable and diverse technology, and its effects must differ, dependent on the purpose of its use.
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